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57 ABSTRACT 

In an optical fibre receiver, the modulated light falls on 
a p-i-n diode (PD) connected to the input of an opera 
tional amplifier (A). This amplifier is shunted by a load 
resistor (R), which in turn is shunted by a non-linear 
Schottky diode (SD). This prevents a large pulse from 
spoiling the sensitivity of the receiver to a following 
smaller pulse. 
This also provides the receiver with a low pass response 
having a relatively long time constant. In addition to 
this, the a.c. coupling response for the connection to the 
next stage of the system has a relatively short time con 
stant. These two time constants combine to give an 
overall characteristic with a relatively narrow band 
width, which enhances the above effect. 
Finally, when the line muting function is needed, as 
between messages, the bit stream as detected includes a 
double amplitude pulse whose detection initiates the 
line muting function. This can be implemented by a 
double length pulse included in the bus bit strean which 
is so detected as to give a double amplitude pulse. 

6 Claims, 7 Drawing Figures 
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OPTICAL FEBRE RECEIVER 

This invention relates to optical receivers, and to 
systems in which such receivers are used. 5 
A conventional receiver for responding to a modu 

lated light beam received from an optical fibre or via 
free space includes as a light-responsive device a photo 
diode, usually a p-i-n diode. This diode is in series with 
a resistor with the diode-resistor junction connected to 10 
the input of an amplifier. When such a receiver has to 
have high sensitivity, its resistor just mentioned has to 
have a high value so that the current generated by the 
photo-diode produces a useful voltage across it. How 
ever, increasing the value of that resistor tends to re- 15 
duce the dynamic range of the receiver. 
An improvement on the above arrangement is de 

scribed in our British Patent Specification No. 
2096852A (D.P.M. Chown 3), which describes and 
claims an optical receiver in which optical energy prop- 20 
agating in an optical fibre transmission path is detected 
by a reverse-biassed p-i-n diode in series with a forward 
biassed p-i-n diode, which latter replaces the resistor in 
the conventional arrangement. The junction between 
the two diodes is connected to the input of an amplifier 25 
which is part of a two-stage amplifier with automatic 
equalisation. The forward-biassed diode by its charac 
teristics leads to an improved dynamic range as com 
pared with a conventional receiver. 
Another improvement on the conventional arrange- 30 

ment is described and claimed in our British Patent 
Specification No. 2101827A (D.P.M. Chown 5). This 
describes an optical receiver similar in many respects to 
that of the above mentioned Patent Specification. Here 
also the light falls on a reverse-biassed p-i-n diode, 35 
which is in series with a forward-biassed p-i-n diode. 
The junction between the diodes is connected to the 
input of an amplifier which feeds an auto-equaliser. This 
auto-equaliser includes a forward-biassed p-i-n diode in 
series with the signal path. This third p-i-n diode is so 40 
biassed as to pass the same average current as the other 
two p-i-n diodes. The overall effect of this third diode is 
to provide the receiver with a substantial region in its 
characteristic whose frequency response is flat. 
The present invention seeks to provide a number of 45 

improvements on the arrangements described in our 
above two Patent Specifications. 
According to one aspect of the invention there is 

provided an optical receiver for the reception of a mod 
ulated light beam from an optical pulse transmission line 50 
or from free space, which includes a p-i-n diode on to 
which the modulated light beam is directed to produce. 
therein an electrical current appropriate to the modu 
lated beams, an amplifier to an input of which the diode 
is connected, the output of the amplifier being coupled 55 
to the detecting circuitry of the receiver when in use, a 
resistive load connected between said input and said 
output, and a non-linear diode connected in parallel 
with the resistive load, which diode acts as a dynamic 
load to prevent saturation of the amplifier under high 60 
input signal conditions. 
According to another aspect of the invention there is 

provided an optical receiver for the reception of a mod 
ulated light beam from an optical fibre transmission line 
or from free space, in which the alternating current 65 
coupling response and the receiver low pass response 
are so related that the curve of the receiver's overall 
response has a relatively narrow frequency width, 

2 
whereby the receiver's overall response is not reduced 
significantly after the reception of a high amplitude 
signal. 
According to yet another aspect of the invention, 

there is provided an optical transmission system, in 
which when the muting function is required the bit 
stream includes one or more pulses whose magnitude 
exceeds the magnitudes of the other pulses in the bit 
stream, and in which the receiver of the system includes 
a threshold detector responsive to a said higher magni 
tude pulse to initiate the mute function. 
Embodiments of the invention will now be described 

with reference to the accompanying drawings, in which 
FIG. 1 is a simplified diagram of an optical fibre 

receiver embodying the invention. 
FIG. 2 is a diagram indicating the characteristics of a 

receiver with conventional frequency and time domain 
signal responses. 
FIG. 3 is a waveform, diagram of signals received by 

a conventional receiver. 
FIGS. 4 and 5 are diagrams similar to FIGS. 2 and 3 

but for a receiver embodying the invention. 
FIG. 6 is a waveform diagram illustrative of another 

aspect of the invention. 
FIG. 7 is a more detailed diagram of a practical em 

bodiment of the invention. 
Optical fibre data bus systems pose a particular design 

challenge because received optical power levels can 
vary very greatly according to the optical loss between 
sending and receiving terminals. A receiver, or the 
receiving part of a transceiver, must be able to receive 
satisfactorily a signal at low optical level following 
closely after a signal of relatively very high level, the 
working range between these levels being known as 
intermessage dynamic range, IDR. An arrangement 
which maximises IDR and sensitivity (minimum optical 
power required for satisfactory operation) offers the 
user much enhanced flexibility in the optical intercon 
nect topology. Three novel techniques of use in an 
optical receiver are described herein, which each indi 
vidually, and in combination, result in improvements in 
IDR and sensitivity, when compared with conventional 
methods. 
FIG. 1 shows a transimpedance optical receiver in 

which modulated light from an optical fibre, or re 
ceived via free space, falls on a p-i-n diode PD con 
nected to the inverting input of an operational amplifier 
A. The amplifier has a load resistor R connected across 
it, and has a Schottky diode SD as a non linear dynamic 
load in parallel with the resistor. 
To obtain good sensitivity an optical receiver must 

use a high value of load resistor, since the square of the 
thermal noise current density is inversely proportional 
to the value of this resistor. On the other hand, all pho 
tocurrent must pass through the load resistor, so to 
allow operation with large optical signals a low value of 
load resistor is necessary. Conventional techniques in 
volve a compromise value of load resistor giving only 
moderate sensitivity and IDR. 
The present solution is to add a non-linear device 

such as a Schottky diode SD in parallel with the load 
resistor. A Schottky diode is chosen because of its very 
low self-capacitance, which allows a wide bandwidth to 
be obtained from the transimpedance receiver. At low 
optical inputs the Schottky diode has a high impedance 
and has little effect upon the receiver's response. With 
large optical inputs the Schottky diode conducts to limit 
the receiver's output and prevents saturation. 
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We now refer to FIGS. 2 and 4, in which curve 1 is 
the AC coupling response, curve 2 is the receiver low 
pass response, and curve 3 is the overall response. 
FIGS. 2 and 3 apply to a conventional receiver, and 
FIGS. 4 and 5 apply to a receiver embodying the inven 
tion. 
The output of optical receivers must be a.c. coupled, 

as via the capacitor shown in FIG. 1, to prevent low 
level signals being nasked by photodiode leakage par 
ticularly at high temperatures. Because optical signals 
are unipolar (no negative light or photocurrent) the a.c. 
coupling capacitor charges to the average value of the 
received optical level. When a low level bus message 
follows closely after a high level bus message, decoding 
is not possible until the a.c. coupling capacitor has dis 
charged to the lower level. The a.c. time constant also 
defines the "droop' of pulses emerging from the optical 
receiver. To ensure that droop is relatively small across 
a bit period, the a.c. coupling time constant must be set 
to a fraction of a bit period. Having done so, several tens 
of bit periods must be allowed between high and low 
level messages (at a ratio of say 1000:1 in intensity), 
causing low bus usage efficiency. In one case the avail 
able intermessage gap is defined as 2 bit periods, imply 
ing a very small IDR using conventional techniques. 
FIGS. 2 and 3 show the response curves and the result 
ing output in a conventional system. 
The arrangement adopted in the present circuit, see 

also FIGS. 4 and 5, is to use the optical receiver's low 
pass response combined with the a.c. coupling high pass 
to produce a suitable overall bandpass response. Thus 
the low pass response of the optical receiver is "tai 
lored' to give a narrow bandpass response in conjunc 
tion with the following high pass response, due to the 
time constant of the a.c. coupling at the receiver's out 
put. The overall bandpass response thus produced re 
sults in a pulse shape at the output of more sinusoidal 
form, with a mid-pulse peak amplitude which is a rea 
sonable fraction of the "input' peak amplitude. In addi 
tion, the narrow overall response restricts noise from 
the optical receiver, to the extent that there is a negligi 
ble overall sensitivity penalty when compared with a 
receiver, not modified to give wide intermessage dy 
namic range (IDR). 
As an example, if both the receiver's low pass time 

constant, and the a.c. coupling time constant, are set to 
0.2 bit periods, mid-pulse peak amplitude is 0.35 times 
the "input', while after two bit periods the output has 
decayed to 1/5000 of this value. This represents an IDR 
capability in excess of 30 dB. The apparent penalty 
factor of 0.35 is almost wholly mitigated by the reduc 
tion in noise from the optical receiver due to the narrow 
overall passband. 
Thus the use of the receiver's low pass response, 

followed by an a.c. coupling high pass response, to give 
a narrow bandpass response results in a desirable 
"sinusoidal-like' output waveform to the detector, 
which succeeds the receiver when used in a communi 
cation system. This also allows a wide IDR to be 
achieved with negligible sensitivity penalty, which is 
preferable to known alternatives in which an apprecia 
ble sacrifice in sensitivity is incurred to achieve wide 
intermessage dynamic range. 

Conventional data transmission links usually transmit 
a continuous bit stream, and performance is defined in 
terms of the minimum received signal needed to main 
tain a given bit error rate. This is based on the assump 
tion that receiver noise exceeds half the peak signal 
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4. 
amplitude, resulting in a detected error, more often than 
the specified error rate. 
Some data bus systems have to detect whether data is 

being received, in addition to the correct detection of 
received data. This need to distinguish the received 
signal from receiver noise usually causes a 3dB sensitiv 
ity penalty since twice the signal strength is needed to 
exceed a new mute threshold. This penalty can be 
avoided by exploiting the fact that data will be so coded 
that it stays, say either for 0.5 or 1.0 bit periods in each 
of its two logical states, e.g. using Manchester or bi 
phase coding as much used for optical transmission. 
When such a signal is passed through a circuit which 
has a partially integrating effect, as in the PIN-FET 
conventional receiver approach, or a narrow bandpass 
as described above, the signal has the general form 
indicated in FIG. 6. The sensitivity in terms of error 
detection as opposed to mute detection is determined by 
the lowest amplitude pulse, e.g. the one whose peak is 
below the mute threshold MT. The double length 
pulses have double height and can be used to trigger an 
intermessage mute function (IMF) when the mute 
threshold is cross. Thus an IMF is implemented without 
incurring the usual 3 dB penalty. 
Thus in the present arrangement this penalty is cir 

cumvented by the use of a message coding format and 
receiver transfer function which result in a double am 
plitude pulse detected at the beginning of and during a 
message to operate the mute function without sensitiv 
ity penalty. Mute closure can be effected by the lack of 
data transitions during the intermessage gap. 
Thus when the mute function is needed, a doubleam 

plitude pulse is included at the start of the message in 
the bit stream, see FIG. 6. his pulse can be an addi 
tional pulse, or an existing message pulse detected. It is 
recognised by a threshold detector (not shown) con 
nected to the receiver's output. When it is detected the 
above-mentioned mute function is implemented. This 
mutes the receiver for a preset period, or until mute 
closure is effected by the lack of data transitions during 
an intermessage gap. 
The inclusion of a pulse which, on detection, pro 

duces a double amplitude pulse can be done in either 
one of two ways. One is to make it a feature of the 
optical line coding used, while the other is based on a 
fixed parameter of the relevant bus protocol. The latter 
is the case for the MIL-STD-1553B protocol, so that in 
that case no special technique is needed to generate the 
special pulse. In either case the signals as transmitted on 
the bus include a double length pulse, which when it is 
dealt with by the receiver circuitry shown produces a 
double amplitude pulse. Thus when the double length 
pulse is fed through the receiver subsystem it is inte 
grated in some systems, or narrowly bandpass filtered in 
the circuit described above to result in a double ampli 
tude detected pulse. This pulse is the first pulse in the 
protocol specifically referred to above. Thus the special 
pulse on detection gives a pulse whose amplitude is at 
least twice the amplitude of the smallest received pulse, 
which latter determines the sensitivity of the receiver to 
data decoding. Thus a mute function to detect the pres 
ence of a received message to detect the presence of a 
received message as opposed to receiver noise can be 
implemented without incurring the usual 3 dB penalty. 
We now turn to FIG. 7, which is a more detailed 

representation than FIG. 1 of an optical receiver em 
bodying the invention. This receiver is the same in 
essence to that of FIG. 1, and will now be described 
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with the emphasis on the arrangement whereby the a.c. 
coupling time constant and the low pass response are 
suitably "tailored" to produce the desired results. 

In FIG. 7, the light from the optical fibre (or possibly 
from a light beam in free space) falls on a p-i-n diode PD 
which is reverse biased. This diode is connected to the 
input of an amplifier including a field effect transistor 
FET connected in cascode manner with an n-p-n tran 
sistor Tr1 whose collector is connected to the base of a 
similar transistor Tr2. The remainder of the amplifica 
tion circuitry provides two outputs, each via a 470 pF 
capacitor and a 270 ohm resistor to the input of a limit 
ing amplifier. The two resistors are in effect combined 
as a single 540 ohm resistor across the input of the limit 
ing amplifier. The centre point of the resistance pro 
vides a virtual earth point, and the components give the 
required time constant of 127 ns. The limiting amplifier 
feeds comparators which extract from the pulsed output 
the signals conveyed over the fibre (or via the free 
space beam), which signals use frequency shift keying. 
These blocks are not described in detail as they can 
follow established practice. 
As will have been apparent from the foregoing de 

scription, the important time constants are the low pass 
and high pass responses. The low pass response of the 
receiver is defined by the feedback resistor R, in this 
case 500 Kohms and the effective capacitance across it. 
This is composed of its own self-capacitance, indicated 
in broken lines, which is of the order of 0.4 pF, plus that 
of the diode PD, plus the total shunt capacitance of the 
gate of FET divided by the forward gain of the combi 
nation of FET and Tr1. These capacitances result, typi 
cally, in 0.36 pF, which gives a time constant of 180 ns, 
i.e. a low pass-3 dB frequency of about 884 Hz. This 
time constant EEEEE 
the value chosen in the specific example gives excellent 
results. 
The high pass response referred to is formed by the 

coupling to the limiting amplifiers, in this case the 470 
pF capacitor which couples the output from the re 
ceiver into the 270 ohm input resistance of the limiting 
amplifier. This gives a time constant of 127 ns, i.e. a high 
pass-3dB frequency of 1.25MHz. This time constant 
can have a value in the range of 100-140 ns, although 
the specific value quoted gives excellent results. 

Fibre optic systems usually need the receiver to re 
cover its sensitivity fully within a very short period, in 
this case 2 microsec., following receipt of a high level 
signal. By keeping both of the time constants discussed 
above to less than 10% of this 2 microsec. figure the 
response following a large signal can be made to decay 
to about 1/4000 within this period. Hence it would be 
possible to detect a small signal of 1/4000 of the level of 
the large signal. If the diode PD connected across the 
feedback resistor is a non-linear p-i-n diode this figure 
can be improved to better than 1/10000. 
Normally the narrow overall passband would not be 

regarded as adequate to receive satisfactory data at the 
required data rate, in this case 2 Mbit/sec, because the 
relatively low pass frequency would be expected to 
cause the received data to be differentiated. However, 
by "tailoring' the low and high pass frequencies in the 
manner described above, a satisfactory "sinusoidal' 
response can be obtained. This was also shown by a 
computer simulation, which shows recovery to 1/3970 
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6 
times the height of the first message pulse in 2 microsec. 
Signal to raise ratio is also satisfactory, because the 
narrow overall response restricts the noise output as 
well as filtering the signal. 

I claim: 
1. An optical receiver for the reception of a modu 

lated light beam, said receiver comprising: 
a p-i-n diode on to which the modulated light beam is 

directed to produce therein an electrical current 
appropriate to the modulation; 

an amplifier which includes a field effect transistor 
having a gate to which the p-i-n diode is connected, 
a second transistor whose emitter-collector path is 
in series with the source-drain path of the field 
effect transistor, and a third transistor, the output 
of the second transistor being coupled to the base 
of the third transistor; 

a feedback connection from the output of the third 
transistor to the gate of the field-effect transistor, 
said feedback connection including the parallel 
connected combination of a resistive load impe 
dance and a non-linear diode, which diode is so 
poled and has parameters such that it acts as a 
dynamic load to prevent saturation of the amplifier 
under high input signal conditions, the parameters 
of the resistor and the diode being such that the 
receiver including the said amplifier has a low pass 
response with a relatively long time constant, e.g. 
in the range of 160 to 180 ns; 

the output of the third transistor being coupled to the 
output of the amplifier; and 

circuit elements which couple the amplifier output to 
a utilisation circuit and which provide for said 
amplifier output an alternating current coupling 
response which has a relatively short time constant, 
e.g. in the range of 100-400 ns; 

wherein the combination of the said low pass re 
sponse with the said alternating current coupling 
response ensures that the receiver has an overall 
relatively narrow bandwidth response, such that 
the receiver's overall response is not reduced sig 
nificantly after the reception of a high amplitude 
signal. 

2. An optical receiver as claimed in claim 1, wherein 
said non-linear diode is a Schottky diode. 

3. An optical receiver as claimed in claim 1, wherein 
the said circuit elements which couple the amplifier's 
output to a utilisation circuit include a capacitor of 470 
pF connected to the output of the said amplifier, to 
gether with a resistor of 270K ohm fed therefrom, and 
wherein the said resistor connected between the output 
of the third transistor and the gate of the field-effect 
transistor has a value of 500K ohms. 

4. An optical receiver as claimed in claim 3, wherein 
said non-linear diode is a Schottky diode. 

5. An optical receiver as claimed in claim 1, which 
includes a fourth transistor whose base is connected to 
the emitter of said third transistor, and a pair of output 
transistors whose base inputs are connected respec 
tively to the collector and the emitter of said fourth 
transistor, the outputs of the output transistors provid 
ing the receiver with two outputs. 

6. An optical receiver as claimed in claim 5, wherein 
said non-linear diode is a Schottky diode. 

k . . . . 


